A novel bacterium, designated strain F028-2 T , was isolated from seawater at Damupo beach in Pohang, Korea, and investigated in a taxonomic study using a polyphasic approach. This novel strain was strictly aerobic, non-motile, Gram-stain-negative and rod-shaped, and occasionally formed aggregates. The temperature, pH and NaCl ranges for growth were 4-30 6C, pH 6.5-9.0 and 1-7 % (w/v), respectively. Phylogenetic analysis based on 16S rRNA gene sequences showed that strain F028-2 T formed a lineage within the family Rhodobacteraceae of the class Alphaproteobacteria, and was closely related to members of the genera Sagittula and Antarctobacter with 96.3-96.4 % sequence similarities. The polar lipid profile of strain F028-2 T comprised diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, two unidentified aminolipids, one unidentified phospholipid and six unidentified lipids. The predominant cellular fatty acids were C 18 : 1 v7c and C 12 : 1 3-OH. The genomic DNA G+C content of strain F028-2 T was 61.6 mol% and the major respiratory quinone was Q-10. Based on phenotypic, phylogenetic and genotypic data, strain F028-2
The family Rhodobacteraceae belonging to the order Rhodobacterales, class Alphaproteobacteria, phylum Proteobacteria, is one of the most abundant bacterial groups in marine environments. Within the family Rhodobacteraceae, the Roseobacter clade is known to be one of the most abundant groups, typically comprising upwards of 20 % of coastal and 15 % of mixed-layer ocean bacterioplankton communities (González & Moran, 1997; Buchan et al., 2005) . Strains in the Roseobacter clade have been isolated from various marine habitats such as seawater, sediment, seaweed, a tidal flat, marine electroactive biofilms, the Arctic Ocean and the phycosphere of a dinoflagellate (Lafay et al., 1995; Yoon et al., 2007; Zhang et al., 2008; Vandecandelaere et al., 2008 Vandecandelaere et al., , 2009 . They play important roles in the carbon, sulfur and nitrogen cycles in the ocean (González et al., 1999 (González et al., , 2000 .
In the course of investigations of bacterial diversity in seawater, a large number of novel bacterial strains were isolated. In this study, one such strain, F028-2 T , which was affiliated with the Roseobacter clade within the Rhodobacteraceae, was subjected to further taxonomic investigation. Strain F028-2 T was isolated from a seawater sample collected at Damupo beach in Pohang, Korea (36 u 029 510 N 129 u 359 100 E), by using a standard serial dilution plating method on marine agar 2216 (MA; Difco). The strain was initially grown at 25 u C for 7 days and then routinely maintained on MA, with subculture every 3 days, under aerobic conditions at 25 u C. The strain was also stored at 280 u C in marine broth 2216 (MB; Difco) supplemented with 20 % glycerol. (Lane, 1991) . Phylogenetic trees were constructed using the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) algorithms in the MEGA 5.0 software package (Kumar et al., 2008) , with bootstrap values based on 1000 replications (Felsenstein, 1985) . Evolutionary distance matrices were calculated according to the Kimura two-parameter model (Kimura, 1983) .
The nearly complete 16S rRNA gene sequence (1376 bp) of strain F028-2 T was determined and deposited in the GenBank database under accession number HQ336489. Sequence comparisons with validly published bacteria showed that strain F028-2 T exhibited 16S rRNA gene sequence similarity values of 96.4 % to S. stellata E-37 T , 96.3 % to A. heliothermus EL-219 T (Labrenz et al., 1998) , 95.8 % to Pelagicola litoralis CL-ES2
T (Kim et al., 2008) , 94.8 % to R. lacuscaerulensis ITI-1157 T (Yi et al., 2007) , 94.8 % to R. scottomollicae LMG 24367 T (Vandecandelaere et al., 2008) , 94.7 % to R. atlantica IAM 14463 T (Uchino et al., 1998) , 94.6 % to T. naphthalenivorans C02 T (Harwati et al., 2009), 94 .4 % to Ponticoccus litoralis CL-GR66 T and ,94.4 % to other recognized species within the family Rhodobacteraceae. Phylogenetic tree analysis with the neighbour-joining, maximumlikelihood and maximum-parsimony methods showed that strain F028-2 T was related most closely to S. stellata E-37 T within the family Rhodobacteraceae (Fig. 1) .
Cells of strain F028-2 T grown aerobically on MA at 25 u C for 5 days were used for the examination of colony morphology, size and colour. Cell morphology and size were explored under a light microscope Nikon) and in a transmission electron microscope (JEM-1010; JEOL), using the methods described by Jeon et al. (2004) . Gliding motility of strain F028-2 T was investigated using phase-contrast light microscopy and the hanging-drop method described by Bernardet et al. (2002) . Gram staining was determined by using the bioMérieux Gram stain kit according to the manufacturer's instructions. Cells were non-motile, Gram-stain-negative and rod-shaped, 0.5 mm in diameter and 1.0 mm in length, occasionally having a tendency to form aggregates (Fig. 2) .
The following tests were performed on strain F028-2 T and the reference strains. The optimal temperature and temperature range for growth were tested in MB at 4, 10, 15, 20, 25, 30, 35, 37 and 42 u C. The pH range for growth was determined in MB that was adjusted to pH values between 5.0 and 10.0 with appropriate buffers (citrate/ phosphate buffer, Tris/HCl buffer, Na 2 CO 3 /NaOH buffer). Optimum temperature and pH were determined by measuring turbidity (optical density at 600 nm). NaCl requirement and tolerance were determined in the presence of 0-10 % (w/v) NaCl on synthetic Zobell agar medium (ZoBell, 1941) Anaerobic growth was assessed on MA incubated in a GasPak anaerobic system (BBL) for up to 20 days at 25 u C. Catalase and oxidase activities were determined using standard methods (Tindall et al., 2007) . The degradation of agar, starch and carboxymethylcellulose was tested according to the method of Smibert & Krieg (1994) . Casein hydrolysis was carried out according to Norris et al. (1985) while hydrolysis of Tweens 20, 40, 60 and 80 was determined according to Baumann & Baumann (1981) . DNase activity was determined with DNase test agar (Difco) supplemented with seawater (3 % sea salts in distilled water). Antibiotic sensitivity was explored by using the disc diffusion method and antibiotic discs (Oxoid) containing ampicillin (10 mg), carbenicillin (100 mg), chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), lincomycin (15 mg), nalidixic acid (30 mg), neomycin (30 mg), novobiocin (5 mg), oleandomycin (15 mg), penicillin (10 U), polymyxin B (300 mg), rifampicin (5 mg), streptomycin (25 mg) or tetracycline (30 mg). The results were interpreted as described in the guidelines of the Clinical and Laboratory Standards Institute (CLSI, 2003) . API 20E, API 20NE and API ZYM kits (bioMérieux), with incubation at 25 uC for 5 days, 5 days and 12 h, respectively, were used to explore other phenotypic characteristics and enzyme activities of strain F028-2 T . The oxidation of different carbon sources was assessed using GN2 MicroPlates (Biolog) according to the manufacturer's instructions. All commercial kits were inoculated with bacterial suspensions in 3 % (w/v) sea salts. The detailed results of morphological, physiological and biochemical tests are given in the genus and species descriptions and in Table 1. For cellular fatty acid analysis, cells of strain F028-2 T and the reference strains were grown aerobically on MA at 25 u C for 3 days and cells of similar physiological age were harvested from the third sector of the quadrant streak. Fatty acid methyl esters were obtained by saponification, methylation and extraction according to the standard protocol of the Sherlock Microbial Identification System (MIDI, version 4.5). Fatty acids were separated on a gas chromatograph (6890A; Agilent) and identified by using the TSBA5.0 database (Sasser, 1990) . Polar lipids of strain F028-2 T and S. stellata ATCC 700073 T were extracted according to the procedures described by Minnikin et al. (1984) and separated by two-dimensional TLC using silica gel 60 F 254 plates (Merck). The first direction was developed in chloroform/methanol/water (65 : 25 : 4, by vol.) and the second in chloroform/methanol/acetic acid/ water (80 : 12 : 15 : 4, by vol.). Individual polar lipids were identified by spraying with ethanolic molybdophosphoric acid, molybdenum blue, ninhydrin and a-naphthol reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) and by co-migration with authentic standards (PH9; Sigma). The major respiratory quinones were analysed by the Korean Culture Center of Microorganisms, Seoul, Korea, using reversed-phased HPLC (Komagata & Suzuki, 1987 Sagittula marina sp. nov.
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T was determined by using the thermal denaturation method (Marmur & Doty, 1962) , an Ultrospec 2100 spectrophotometer (Pharmacia Biotech) and, as a control, DNA from E. coli K-12.
The major cellular fatty acids of strain F028-2 T were C 18 : 1 v7c (77.0 %), C 12 : 1 3-OH (6.5 %), 11-methyl C 18 : 1 v7c (4.2 %), C 16 : 0 (3.6 %), C 18 : 0 (1.0 %) and C 17 : 0 3-OH (0.8 %). The presence of C 18 : 1 v7c as the predominant (Kim et al., 2008) , Ruegeria lacuscaerulensis ITI-1157 T (Yi et al., 2007) and Ponticoccus litoralis CL-GR66 T .
D.-H. Lee and others
fatty acid is one feature found for the majority of taxa within the class Alphaproteobacteria (Martens et al., 2006) . The detailed fatty acid compositions of strain F028-2 T and the reference strains are compared in Table 2 . Although the reference strains grown under the same conditions showed similar fatty acid profiles, the respective proportions of several fatty acids could be used to differentiate strain F028-2 T from the reference strains. In contrast to A. heliothermus DSM 11445 T , S. stellata ATCC 700073 T and R. lacuscaerulensis KCTC 2953 T , strain F028-2 T did not contain C 19 : 0 cyclo v8c. The polar lipid profile of strain F028-2 T comprised diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, two unidentified aminolipids, one unidentified phospholipid and six unidentified lipids (Fig. S1 available in IJSEM Online) . The polar lipid profile of strain F028-2 T was very similar to that of S. stellata ATCC 700073
T except that S. stellata ATCC 700073 T contained two additional unidentified lipids (L2 and AL2). The major respiratory quinone of strain F028-2 T was Q-10 and the genomic DNA G+C content of strain F028-2 T was 61.6 mol%.
The results of the phylogenetic analysis based on the 16S rRNA gene sequence of strain F028-2 T were supported by a combination of phenotypic and chemotaxonomic characteristics (Tables 1 and 2 ). Strain F028-2 T could be clearly differentiated from Antarctobacter by its ability to reduce nitrate, hydrolyse Tweens 20, 40 and 60, and assimilate mannose and malate, its susceptibility to gentamicin, and its inability to hydrolyse gelatin and DNA. Its ability to produce acetoin, its lack of urease and lipase activities, its inability to hydrolyse carboxymethylcellulose and Tween 80, its ability to assimilate mannose, and its resistance to oleandomycin and polymyxin B distinguished strain F028-2 T from Sagittula. Strain F028-2 T could be clearly differentiated from the genus Pelagicola by its DNA G+C content and could be differentiated from the genera Ruegeria and Ponticoccus by its inability to reduce nitrate or hydrolyse aesculin or assimilate phenylacetate, its lack of naphthol-AS-BI-phosphohydrolase activity, and its susceptibility to gentamicin, nalidixic acid and neomycin. Strain F028-2 T could also be differentiated from its closest phylogenetic neighbour in the genus Sagittula by its fatty acid profile and the proportions of several fatty acids (Table 2 ). Based on the phenotypic and phylogenetic data, strain F028-2 T is considered to represent a novel species of the genus Sagittula, for which the name Sagittula marina sp. nov. is proposed. In addition, an emended description of the genus Sagittula is also proposed on the basis of new data obtained in this study.
Emended description of the genus Sagittula Gonzalez et al. 1997
The description of the genus Sagittula is as given by González et al., (1997) with the following amendments. The major polar lipids are diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, two unidentified aminolipids, one unidentified phospholipid and four unidentified lipids. The major respiratory ubiquinone is Q-10.
Description of Sagittula marina sp. nov.
Sagittula marina (ma.ri9na. L. fem. adj. marina of or belonging to the sea, marine).
Cells are rod-shaped, 0.5 mm in diameter and 1.0 mm in length. After 3 days incubation at 25 u C, colonies on MA are circular, convex, entire, smooth and 1.0-3.0 mm in diameter. Growth occurs at 4-30 u C (optimum, 25 u C), at pH 6.5-9.0 (optimum between pH 7.0 and pH 8.0) and with 1-7 % (w/v) NaCl (optimum, 3.0 %). DNA, Tween 20, Tween 40 and Tween 60 are hydrolysed, but aesculin, agar, casein, carboxymethylcellulose, gelatin, starch and Tween 80 are not. The Voges-Proskauer reaction is positive. H 2 S and indole production are negative. Arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase and urease activities are absent. Nitrate is not reduced to nitrite. Glucose fermentation is negative. Glucose, L-arabinose, D-mannitol, mannose, malic acid and trisodium citrate are assimilated, but N-acetylglucosamine, maltose, potassium gluconate, capric acid, adipic acid and phenylacetate are not. In the API ZYM system, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase and acid phosphatase activities are present but lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, naphthol -AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase activities are absent. In the GN2 Microplate test, the following substrates are oxidized: glycogen, L-arabinose, D-arabitol, a-D-glucose, D-mannitol, D-mannose, D-sorbitol, pyruvic acid monomethyl ester, succinic acid monomethyl ester, acetic acid, b-hydroxybutyric acid, a-ketobutyric acid, DL-lactic acid, propionic acid, succinic acid, L-alaninamide, L-alanine, L-alanyl glycine, L-glutamic acid, L-proline, L-pyroglutamic acid and c-aminobutyric acid. The following carbon substrates are weakly oxidized: adonitol, inosine, thymidine and 2,3-butanediol. All of the other carbon sources in the GN2 system are not oxidized. Sensitive to ampicillin (10 mg), carbenicillin (100 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), neomycin (30 mg), novobiocin (5 mg), penicillin (10 mg), rifampicin (5 mg), streptomycin (10 mg) and tetracycline (30 mg), but resistant to lincomycin (15 mg), nalidixic acid (30 mg), oleandomycin (15 mg) and polymyxin B (300 mg). The major cellular fatty acids are C 18 : 0 v7c, C 12 : 1 3-OH and 11-methyl C 18 : 1 v7c. The major respiratory quinone is Q-10. The polar lipids are diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, two unidentified aminolipids, one unidentified phospholipid and six unidentified lipids.
The type strain, F028-2 T (5KCTC 23543 T 5JCM 17627 T ), was isolated from seawater collected at Damupo beach in Pohang, Korea. The DNA G+C content of the type strain is 61.6 mol%.
